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INTRODUCTION
Domestic and urban environments are associated to our life experiences and behaviors. These
environments may acquire an emotional and motivational value and, in turn, shape our behaviors.
Although there is a well-established knowledge of the effects of built space features on perception,
feelings, and affective responses (Ulrich, 1991), only a limited attention has been however paid
to physical space-induced motivated behaviors. There is still a strong attitude to consider the
control of motivated behaviors as a matter of individual desires, free will, moral choices, executive
control, etc.—and not as the interaction between environment and personality, genetics, and brain
mechanisms.
Recently, there has been a convergent agreement from architects, designers, psychologists,
and neuroscientists about the multifactorial nature of the reciprocal interaction between humans
and built space, and how it could impact on well-being psychological distress and risky
behaviors (Sternberg, 2009). The emerging interdisciplinary field of “neuroarchitecture” developed
conceptual paradigms and empirical frameworks based on the interaction between brain and built
spaces (see Academy of Neuroscience for Architecture; www.anfarch.org). Within this framework,
we would like to propose the “Cue Reactivity” phenomenon as a paradigmatic example of such as
interaction. Cue reactivity (C-R) is the adaptive response to salient information in the environment
(Niaura et al., 1988). Salient information is that associated to drugs, sex, palatable food, and to a
variety of natural and non-natural rewards (such as gambling, shopping, etc.). Drug C-R manifests
itself as an array of responses to stimuli previously associated to drug effect. The detrimental
consequence of C-R is relapse to drug-seeking and drug-taking (Rohsenow et al., 1991). On
the other hand, C-R is an evolutionary phenotype of the interaction with the environment: in
fact, spatial context rich of reward-related cues may stimulate both positive and risky motivated
behaviors.
In this Opinion paper, we will show that identification and design of specific physical space
features may affect mental health, and that indoor and furniture of drinking venues are associated
to alcohol use. Based onwhat we know about C-R, and on the effects of built spaces on psychological
and behavioral processes, we think that more research is now possible to plan and design research-
based “C-R-free situations.” For instance, investigations on outdoor and indoor features associated
to C-R may help to develop “motivational safer built environments.” The complexity of real world
investigations is not however easily modeled in the laboratory, but technologies like virtual reality
may offer the possibility to increase subject’s presence in a spatial context simulation and, in
the meantime, the control of the experimental parameters (García-Rodríguez et al., 2012). For
these reasons, we propose virtual reality as a methodological approach in-between naturalistic and
experimental lab setting for a better understanding of built space features affecting C-R.
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CUE REACTIVITY AND ADDICTIVE
BEHAVIORS: THE SMOKING CASE
Drug C-R response can be measured as changes of
desire/wanting, heart rate and skin conductivity (physiological
measures), and gestures/actions (behavioral measures)
(Chiamulera, 2005). Studies in laboratory animal have shown that
molecular and cellular changes correlate with the drug cue effect
(See, 2005). Imaging studies in humans showed the activation of
brain areas involved in motivational, emotional and cognitive
processes (Yalachkov et al., 2012). Yalachkov et al. (2012) also
proposed affordance as the process underlying smoking-related
action representations in response to C-R. Affordance is the
neural representation and the related behavioral outcome of
emergent feature from the relationship of an actor, objects,
and environment (Tucker and Ellis, 1998). Costantini et al.
(2010) showed that the affordance relation is based not only on
mutual appropriateness of object’s features and on individual’s
motor abilities, but also on their spatial relationship conditions.
Indeed, a prospective study by Gilpin et al. (2006), showed that
a smoking home suppresses the efficacy of pharmacotherapy for
smoking cessation when compared to a smoking-free domestic
environment. Therefore, it appears that not only the discrete
stimuli (such as objects) play a determinant role to C-R, but also
the living space (the spatial context) is a strong determinant
factor for C-R, and subsequent relapse.
THE CONDITIONED SPACE: THE ROLE OF
CONTEXT IN CUE REACTIVITY
Research in laboratory animals has extensively investigated the
conditions under which rewarding drugs confer conditioned
properties to the environment, which in turn affects addictive
behaviors (Crombag et al., 2008). Badiani et al. showed how
either familiarity or novelty of a context might affect acquisition,
maintenance, and relapse to drug use in laboratory animals and
in addicts (Badiani et al., 2011) suggesting a cross-interference
between brain, behavior, and setting. Several studies have been
also done in smokers, and the effects of therapeutic interventions
have been investigated (Warthen and Tiffany, 2009; Dunbar et al.,
2010; Shiffman et al., 2013).
Dewey in “Quantitative Thoughts” (Dewey, 1931) defined as
Pervasive Unifying Quality the internally integrative nature of
experience as time/space units that renders unique the quality of
experience. It is from the context of a situation that (perceptually)
later emerge objects, people, events that attract attention and that
acquire emotional, motivational, and cognitive values. According
to Dewey, objects, people, and situations acquire a meaning for
what they represented in the experience but only if including the
unifying sense of the contextual situation. In human laboratory
studies, Conklin and colleagues systematically investigated the
role of environmental context in craving for smoking (Conklin
and Tiffany, 2002) based on the assumption that proximal (the
discrete cues) and distal (the contextual setting) stimuli are
two different categories of variables (Conklin, 2006). Proximal
stimuli are discretely defined in terms of structure and properties
(Conklin et al., 2008), for instance, a burning cigarette. Distal
stimuli are defined as a complex of stimuli that own a conditioned
value as a whole, for instance a bar or a social space. Although
the real experience of an individual includes proximal and distal
stimuli, laboratory research separately investigated features and
values of these two categories (Conklin et al., 2010). Differently
from proximal stimuli, a complex set of distal stimuli own greater
individual specificity. C-R may be induced by either general or
personal proximal stimuli within a complex set of distal stimuli; if
the latter are from a personal context may induce a stronger C-R.
Several studies using Ecological Momentary Assessment (EMA;
Shiffman, 2009) investigated the situations associated to C-R
for smoking (Ferguson and Shiffman, 2011). The interactions
between stimuli (proximal and/or distal) and presence of other
people and of allowed/prohibited smoking conditions appear
to play a relevant role in the management of cigarette craving.
Specific comparisons have been made between home/private
vs. public spaces. Although public spaces are characterized by
increasing prohibitions, bar and restaurant spaces showed the
strongest association to C-R (Dunbar et al., 2010). It therefore
appears that research was able to give an empirical demonstration
of JohnDewey’s intuitions about the relevance of the “sense of the
situation,” and of its interaction with cues, context and conditions
on C-R.
EVIDENCE-BASED INTERIOR DESIGN
AND ARCHITECTURE
Studies such as the above-cited “EMA” studies and those like
Gilpin et al. (2006) suggested the need to consider the importance
of outdoor and indoor features as determinant factors to smoking
C-R. The effects of space features on affective processes and well-
being has been studied especially in the context of healthcare
environments (e.g., Cusack et al., 2010; Lankston et al., 2010).
Urlich proposed a conceptual framework for evidence-based
design of healthcare (Ulrich et al., 2008, 2010) that included
general and specific recommendations for built space features
affecting mental state and behavior of patients and professional
staff. Dolan et al. (2016) developed the “SALIENT checklist” for
evidence-supported design based on variables such as “sound,
air, light, image, ergonomics, and tint” of built environments
(Dolan et al., 2016). Type of doors and walling material,
access pathways width and other characteristics of built external
environment correlate with different mental health disorders,
including alcohol abuse (Ochodo et al., 2014). Built environments
rich of conditioned proximal and distal stimuli may therefore
induce different adaptive responses (Bradford and Dolan, 2010),
similarly to the development of C-R as a form of learning
involving neuroadaptive mechanisms (Chiamulera, 2005).
Some studies described urban features that are associated to
substance use. For instance, Linas et al. (2015) investigated use
patterns for cocaine and heroin in built spaces such as home,
church, abandoned space, store, bar, etc. Alcohol use and alcohol-
related problems are closely associated to specific physical spaces
such as drinking venues (Green and Plant, 2007). The literature
on the association between drinking and drinking venues showed
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FIGURE 1 | Examples of outdoor and indoor cue reactivity context. Real world smoking context (upper left: digital photograph) and corresponding virtual
reality simulation (upper right: Unity 5 simulation screenshot). Virtual simulation of a bus stop (lower panel: Unity 5 simulation screenshot).
that venue style (e.g., shabby décor, low-cost furniture, no theme,
etc.) is associated to alcohol use and intoxication (Hughes
et al., 2011). The control strategy focused on changing substance
use “micro-environments” (Hollands et al., 2013) has recently
recommended more research, for instance on alcohol glass shape
(Attwood et al., 2012; Troy et al., 2015) as well as on the physical
features of the built space such as materials, interior design, and
furniture, external wall features, etc.
THE NEUROPSYCHOLOGY OF
IMMERSIVE CONTEXTUAL SIMULATION
The difficulty to mimic the real C-R situations in the
lab (requiring at the same time controlled complexity and
personalization) needs ecologically oriented models (Chiamulera
et al., 2007) at a level of analysis between the real situation and
the lab setting. In the last few years, the use of virtual reality
technologies showed strong validity for different maladaptive
behavior, including smoking (Hone-Blanchet et al., 2014). The
virtual reality simulation creates a state of “immersion” that
comes close to the real situation, allowing the controlled measure
of psycho-physiological and behavioral responses (Pericot-
Valverde et al., 2015). Virtual reality has been proposed not only
as a valid research tool but also as a safe therapeutic intervention
(Valmaggia et al., 2016). Besides these advantages, virtual reality
may provide a vast array of outdoor and indoor simulation
scenarios with variation in color, material, decoration, furniture,
room/building type. More specifically for the purpose of C-R
research, virtual simulations of personal settings associated to
smoking (Pericot-Valverde et al., 2014), as well as to food or
drinking, may be easily developed and validated. Our group is
currently investigating the effects of immersion in a personalized
smoking context rich of general smoking objects, in order to
explore the combined effect of personalized distal and general
proximal stimuli (Figure 1).
On the other hand, a complementary approach is to identify
“motivational positive” contextual features in order to stimulate
safer behaviors and healthy life styles. Vecchiato et al. investigated
the neuropsychological basis of the interaction with aesthetical
features. They showed that appreciation of virtual architecture
environments activates electroencephalographic correlates of
visuomotor exploration and judgment of pleasure and familiarity
(Vecchiato et al., 2015a). They found that these experiences
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correlated with embodiment (i.e., action possibility into the
environment) and motivational processes (Jelic et al., 2016).
The effects of pleasurable immersion in an indoor simulation
(Vecchiato et al., 2015b) was similar to those taking place when
smokers are embedded in environments provided with proximal
and distal stimuli that indicate a possibility of action (Casartelli
and Chiamulera, 2015). Obviously, the safer outcome of a positive
aesthetical experience of “cutting-edge” design is different from
the deleterious one of smoking C-R.
CONCLUSION
People cannot be left alone taking care of the consequences
of their risky behaviors, in particular when affected by
disorders that develop a maladaptive and associative learning.
Although several therapeutic interventions have been developed
for C-R inhibition (Courtney et al., 2016), we strongly
recommend an earlier research-based approach to the design
of human spaces that might also act as effective preventive
intervention. Interdisciplinary collaboration is needed among
interior designers, architects, city planner with neuroscientists,
psychologists, and healthcare professionals. New laboratory
models based on virtual reality may help to identify in the real
life those proximal and distal stimuli affecting either positive or
negative motivated behaviors.
Such super-creative alliance may therefore provide to the
individuals and to the society safer homes and urban context.
This “prevention design” will then need to be associated to
information and education so that, hopefully, everyone will be
able in the future to furnish her/his home and to shape personal
living space for a better lifestyle.
AUTHOR CONTRIBUTIONS
SF and BM setup the virtual reality apparatus and developed
the scenarios. EF, GB, FT, and TZ provided the literature
sources, designed protocols and procedures, performed the
test, analyzed the data. CC and SB developed the concept
behind the manuscript, and co-contributed to the logistical
and financial support. All the authors contributed to the
elaboration of the concept to a publishable topic. CC
wrote the manuscript and the co-authors edited the final
version.
FUNDING
The “5permille 2012” research grant by the Italian Cancer League
(Lega Italiana Lotta per i Tumori, LILT) supported the study (PI:
CC) and research grant for GB. LILT also supported CC and SF
with educational grants.
REFERENCES
Attwood, A. S., Scott-Samuel, N. E., Stothart, G., and Munafò, M. R. (2012). Glass
shape influences consumption rate for alcoholic beverages. PLoSONE 7:e43007.
doi: 10.1371/journal.pone.0043007
Badiani, A., Belin, D., Epstein, D., Calu, D., and Shaham, Y. (2011). Opiate versus
psychostimulant addiction: the differences do matter. Nat. Rev. Neurosci. 12,
685–700. doi: 10.1038/nrn3104
Bradford, W. D., and Dolan, P. (2010). Getting used to it: the adaptive global utility
model. J. Health. Econ. 29, 811–820. doi: 10.1016/j.jhealeco.2010.07.007
Casartelli, L., and Chiamulera, C. (2015). The motor way: Clinical implications
of understanding and shaping actions with the motor system in
autism and drug addiction. Cogn. Affect. Behav. Neurosci. 16, 191–206.
doi: 10.3758/s13415-015-0399-7
Chiamulera, C. (2005). Cue reactivity in nicotine and tobacco dependence: a
“multiple-action” model of nicotine as a primary reinforcement and as an
enhancer of the effects of smoking-associated stimuli. Brain Res. Rev. 48, 74–97.
doi: 10.1016/j.brainresrev.2004.08.005
Chiamulera, C., Leone, R., and Fumagalli, G. (2007). Smokeless
tobacco use in sports: ‘legal doping’? Addiction 102, 1847–1848.
doi: 10.1111/j.1360-0443.2007.01993.x
Conklin, C. A. (2006). Environments as cues to smoke: Implications for human
extinction-based research and treatment. Exp. Clin. Psychopharm. 14, 12–19.
doi: 10.1037/1064-1297.14.1.12
Conklin, C. A., Perkins, K. A., Robin, N., McClernon, F. J., and Salkeld,
R. P. (2010). Bringing the real world into the laboratory: personal
smoking and nonsmoking environments. Drug Alcohol Depend. 111, 58–63.
doi: 10.1016/j.drugalcdep.2010.03.017
Conklin, C. A., Robin, N., Perkins, K. A., Salkeld, R. P., and McClernon,
F. J. (2008). Proximal versus distal cues to smoke: the effects of
environment on smokers’ cue-reactivity. Exp. Clin. Psychopharm. 16, 207–214.
doi: 10.1037/1064-1297.16.3.207
Conklin, C. A., and Tiffany, S. T. (2002). Applying extinction research
and theory to cue-exposure addiction treatments. Addiction 97, 155–167.
doi: 10.1046/j.1360-0443.2002.00014.x
Costantini, M., Ambrosini, E., Tieri, G., Sinigaglia, C., and Committeri, G. (2010).
Where does an object trigger an action? An investigation about affordances in
space. Exp. Brain Res. 207, 95–103. doi: 10.1007/s00221-010-2435-8
Courtney, K. E., Schacht, J. P., Hutchison, K., Roche, D. J., and Ray, L. A. (2016).
Neural substrates of cue reactivity: association with treatment outcomes and
relapse. Addict. Biol. 21, 3–22. doi: 10.1111/adb.12314
Crombag, H. S., Bossert, J. M., Koya, E., and Shaham, Y. (2008). Context-induced
relapse to drug seeking: a review. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 363,
3233–3243. doi: 10.1098/rstb.2008.0090
Cusack, P., Lankston, L., and Isles, C. (2010). Impact of visual art in patient waiting
rooms: survey of patients attending a transplant clinic in Dumfries. JRSM Short
Rep. 1:52. doi: 10.1258/shorts.2010.010077
Dewey, J. (1931). Qualitative Thought, in Philosophy and Civilization. New York,
NY: Minton, Balch & Company.
Dolan, P., Foy, C., and Smith, S. (2016). The SALIENT checklist: gathering up the
ways in which built environments affect what we do and how we feel. Buildings
6:9. doi: 10.3390/buildings6010009
Dunbar, M. S., Scharf, D., Kirchner, T., and Shiffman, S. (2010). Do smokers
crave cigarettes in some smoking situations more than others? Situational
correlates of craving when smoking. Nicotine Tob. Res. 12, 226–234.
doi: 10.1093/ntr/ntp198
Ferguson, S. G., and Shiffman, S. (2011). Using the methods of ecological
momentary assessment in substance dependence research–smoking cessation
as a case study. Subst. UseMisuse 46, 87–95. doi: 10.3109/10826084.2011.521399
García-Rodríguez, O., Pericot-Valverde, I., Gutiérrez-Maldonado, J., Ferrer-
García, M., and Secades-Villa, R. (2012). Validation of smoking-related
virtual environments for cue exposure therapy. Addict. Behav. 37, 703–708.
doi: 10.1016/j.addbeh.2012.02.013
Gilpin, E. A., Messer, K., and Pierce, J. P. (2006). Population effectiveness of
pharmaceutical aids for smoking cessation: what is associated with increased
success? Nicotine Tob. Res. 8, 661–669. doi: 10.1080/14622200600910801
Green, J., and Plant, M. A. (2007). Bad bars: a review of risk factors. J. Subst. Abuse
12, 157–189. doi: 10.1080/14659890701374703
Hollands, G. J., Shemilt, I., Marteau, T. M., Jebb, S. A., Kelly, M. P., Nakamura,
R., et al. (2013). Altering micro-environments to change population health
Frontiers in Psychology | www.frontiersin.org 4 February 2017 | Volume 8 | Article 185
Chiamulera et al. Virtual Reality for Cue Reactivity
behaviour: towards an evidence base for choice architecture interventions.
BMC Public Health 13:1218. doi: 10.1186/1471-2458-13-1218
Hone-Blanchet, A.,Wensing, T., and Fecteau, S. (2014). The use of virtual reality in
craving assessment and cue-exposure therapy in substance use disorders. Front.
Hum. Neurosci. 8:844. doi: 10.3389/fnhum.2014.00844
Hughes, K., Quigg, Z., Eckley, L., Bellis, M., Jones, L., Calafat, A., et al. (2011).
Environmental factors in drinking venues and alcohol-related harm: the
evidence base for European intervention. Addiction 106(Suppl. 1), 37–46.
doi: 10.1111/j.1360-0443.2010.03316.x
Jelic, A., Tieri, G., De Matteis, F., Babiloni, F., and Vecchiato, G. (2016).
The enactive approach to architectural experience: a neurophysiological
perspective on embodiment, motivation, and affordances. Front. Psychol. 7:481.
doi: 10.3389/fpsyg.2016.00481
Lankston, L., Cusack, P., Fremantle, C., and Isles, C. (2010). Visual art in
hospitals: case studies and review of the evidence. J. R. Soc. Med. 103, 490–499.
doi: 10.1258/jrsm.2010.100256
Linas, B. S., Latkin, C., Westergaard, R. P., Chang, L. W., Bollinger, R. C., Genz, A.,
et al. (2015). Capturing illicit drug use where and when it happens: an ecological
momentary assessment of the social, physical and activity environment of using
versus craving illicit drugs. Addiction 110, 315–325. doi: 10.1111/add.12768
Niaura, R. S., Rohsenow, D. J., Binkoff, J. A., Monti, P. M., Pedraza, M.,
and Abrams, D. B. (1988). Relevance of cue reactivity to understanding
alcohol and smoking relapse. J. Abnorm. Psychol. 97, 133–152.
doi: 10.1037/0021-843X.97.2.133
Ochodo, C., Ndetei, D. M., Moturi, W. N., and Otieno, J. O. (2014). External built
residential environment characteristics that affect mental health of adults. J.
Urban Health 91, 908–927. doi: 10.1007/s11524-013-9852-5
Pericot-Valverde, I., Germeroth, L. J., and Tiffany, S. T. (2015). The use of virtual
reality in the production of cue-specific craving for cigarettes: a meta-analysis.
Nicotine Tob. Res. 18, 538–546. doi: 10.1093/ntr/ntv216
Pericot-Valverde, I., Secades-Villa, R., Gutiérrez-Maldonado, J., and García-
Rodríguez, O. (2014). Effects of systematic cue exposure through virtual reality
on cigarette craving. Nicotine Tob Res. 16, 1470–1477. doi: 10.1093/ntr/ntu104
Rohsenow, D. J., Niaura, R. S., Childress, A. R., Abrams, D. B., and Monti, P.
M. (1991). Cue reactivity in addictive behaviors: theoretical and treatment
implications. Int. J. Addict. 25, 957–993. doi: 10.3109/10826089109071030
See, R. E. (2005). Neural substrates of cocaine-cue associations that trigger relapse.
Eur. J. Pharmacol. 526, 140–146. doi: 10.1016/j.ejphar.2005.09.034
Shiffman, S. (2009). Ecological momentary assessment (EMA) in studies of
substance use. Psychol Assess. 21, 486–497. doi: 10.1037/a0017074
Shiffman, S., Dunbar, M., Kirchner, T., Li, X., Tindle, H., Anderson, S., et al.
(2013). Smoker reactivity to cues: effects on craving and on smoking behavior.
J. Abnorm. Psychol. 122, 264–280. doi: 10.1037/a0028339
Sternberg, E. M. (2009). Healing Spaces: The Science of Place and Well-being.
Cambridge, MA: Belknap of Harvard University Press.
Troy, D. M., Maynard, O. M., Hickman, M., Attwood, A. S., and Munafò,
M. R. (2015). The effect of glass shape on alcohol consumption in
a naturalistic setting: a feasibility study. Pilot Feasibility Stud. 1:27.
doi: 10.1186/s40814-015-0022-2
Tucker, M., and Ellis, R. (1998). On the relations between seen objects and
components of potential actions. J. Exp. Psychol. Hum. Percept. Perform. 24,
830–846. doi: 10.1037/0096-1523.24.3.830
Ulrich, R. S. (1991). Effects of interior design on wellness: theory and recent
scientific research. J. Health Care Inter. Des. 3, 97–109.
Ulrich, R. S., Berry, L. L., Quan, X., and Parish, J. T. (2010). A conceptual
framework for the domain of evidence-based design. HERD 4, 95–114.
doi: 10.1177/193758671000400107
Ulrich, R. S., Zimring, C., Zhu, X., DuBose, J., Seo, H. B., Choi, Y. S., et al. (2008).
A review of the research literature on evidence-based healthcare design. HERD
1, 61–125. doi: 10.1177/193758670800100306
Valmaggia, L. R., Latif, L., Kempton, M. J., and Rus-Calafell, M. (2016).
Virtual reality in the psychological treatment for mental health problems:
an systematic review of recent evidence. Psychiatry Res. 236, 189–195.
doi: 10.1016/j.psychres.2016.01.015
Vecchiato, G., Jelic, A., Tieri, G., Maglione, A. G., De Matteis, F., and Babiloni,
F. (2015a). Neurophysiological correlates of embodiment and motivational
factors during the perception of virtual architectural environments. Cogn.
Process. Suppl. 1, 425–429. doi: 10.1007/s10339-015-0725-6
Vecchiato, G., Tieri, G., Jelic, A., De Matteis, F., Maglione, A. G., and Babiloni, F.
(2015b). Electroencephalographic correlates of sensorimotor integration and
embodiment during the appreciation of virtual architectural environments.
Front. Psychol. 6:1944. doi: 10.3389/fpsyg.2015.01944
Warthen, M. W., and Tiffany, S. T. (2009). Evaluation of cue reactivity in the
natural environment of smokers using ecological momentary assessment. Exp.
Clin. Psychopharm. 17, 70–77. doi: 10.1037/a0015617
Yalachkov, Y., Kaiser, J., and Naumer, M. J. (2012). Functional neuroimaging
studies in addiction: multisensory drug stimuli and neural cue reactivity.
Neurosci. Biobehav. Rev. 36, 825–835. doi: 10.1016/j.neubiorev.2011.12.004
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2017 Chiamulera, Ferrandi, Benvegnù, Ferraro, Tommasi, Maris,
Zandonai and Bosi. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 5 February 2017 | Volume 8 | Article 185
